M g 2ϩ has the highest charge density from all ions in cells, due to its small ionic radius (0.6 Å) (1) ; it is the most abundant multivalent cation (2) . Concerning monovalent cations, K ϩ prevails inside a cell, whereas outside multicellular organisms (e.g., blood in Mammalia) Na ϩ is the leading cation (3) . Already in the 1950s and 1960s, the importance of Mg 2ϩ was documented by a wealth of data, and many of the early pioneers of ribosome research were involved. Some examples follow. Lack of Mg 2ϩ in growth medium for Escherichia coli induces ribosome degradation (4) , and the association of ribosomal subunits to form 70S ribosomes is forced with Mg 2ϩ concentrations above 15 mM (5, 6); lowering the Mg 2ϩ concentrations down to 1 mM and below dissociates 70S ribosomes and finally unfolds them (7, 8) .
The optimum for poly(U)-dependent poly(Phe) synthesis was identified as 10 mM Mg 2ϩ in an early analysis; surprisingly, Ca 2ϩ cations were shown to be even more effective, and the worst results were obtained with Mn 2ϩ (9) . Later, it was demonstrated that Mg 2ϩ could be totally replaced by Mn 2ϩ and Ca 2ϩ in 30S subunits without affecting its function, whereas with 50S a total substitution of Mg 2ϩ was possible only with Mn 2ϩ , and Ca 2ϩ impaired the 50S functions (10) .
In a system which contains only Mg 2ϩ and monovalent cations such as K ϩ or NH 4 ϩ , the ribosomes will become inactivated at Mg 2ϩ concentrations below 10 mM; one has to add polyamines, most importantly spermidine (2 mM), in order to rescue the activity and allow the protein synthesis rate even to approach in vivo perfection (11) (12) (13) (14) (15) . The optimized systems contain 2 to 5 mM Mg 2ϩ . Almost equally important is K ϩ ; removal of K ϩ from buffers inactivated mammalian ribosomes irreversibly and eventually unfolded the ribosomes (16, 17) . Ribosomes dissociate when exposed to high K ϩ concentrations in vitro (0.5 to 1 M [18] ) because they compete with Mg 2ϩ for metal ion binding sites, probably at the interface of the two subunits, causing dissociation (1). The intracellular K ϩ concentration amounts to about 60 to 150 mM under stress-free conditions (19, 20) . In summary, Mg 2ϩ (2 to 5 mM), K ϩ (60 to 150 mM), and polyamines (e.g., spermidine [2 mM]) are the cornerstones of highly efficient systems for protein synthesis. It is satisfying that in all living cells the free Mg 2ϩ is adjusted within these borders, as long as no stress conditions force the cells to leave this range (20, 21) (20, 23) . At such high monovalent concentrations, most in vitro systems, e.g., protein synthesis, will hardly work. The fact that such extreme K ϩ concentrations are tolerated by the bacterial cell is owed to the gel-like density of the cytoplasm (crowding effect) in contrast to our aqueous solutions in the lab (24) . In sharp contrast to K ϩ , free Mg 2ϩ in a bacterial cell increases only 2-to 5-fold in high-salt medium (19, 21, 25) .
Ribosomes account for 40 to 50% of the cell mass of rapidly growing bacteria (26) . The number of ribosomes per E. coli cell changes drastically with the division rate. If an average cell division lasts longer than 2.5 h, the number of ribosomes falls below 7,000 per cell; with a division rate of 24 min, the number increases to more than 70,000, corresponding to a ribosome concentration of about 70 M (27; see also reference 28).
A 70S ribosome of E. coli contains more than 170 Mg 2ϩ atoms (29) . This means that the ribosome-bound fraction of Mg 2ϩ accounts for about 12 mM, a substantial fraction of the total Mg 2ϩ amounts of an E. coli cell. The total Mg 2ϩ content (bound plus free) of an E. coli cell corresponds to a concentration of about 100 mM, and the free Mg 2ϩ corresponds to 1 to 5 mM (references 30 and 31, respectively); only the latter is relevant for in vitro systems. The bound Mg 2ϩ neutralizes the negative charge density of the DNA/RNA phosphate backbone; in the case of ribosomes, the basic ribosomal proteins are not sufficient to fulfill this task. Bound and free Mg 2ϩ are in equilibrium, and it is conceivable that a change of the Mg 2ϩ fraction bound to ribosomes will affect the free Mg 2ϩ concentration. A surprising link between intracellular Mg 2ϩ concentration and ribosome amount is reported by Akanuma et al. (32) in this issue of the Journal of Bacteriology. They analyzed a mutant of Bacillus subtilis in which the gene for the ribosomal protein L34 was deleted, one of 22 genes of ribosomal proteins which could be knocked out without losing viability (33) . This mutant slows down growth, contains smaller amounts of ribosomes with a deficiency in forming 70S ribosomes, and not only lacks L34 but also shows reduced amounts of L16. A search for suppressor mutants gave a number of hits concentrating in two genes, which code for the protein YdpH, which was predicted to be an efflux pump for Mg 2ϩ in Salmonella enterica serovar Typhimurium (34) , and for the protein MgtE, an important component for the Mg 2ϩ import (35) . When both proteins were overexpressed, YhdP (candidate of an efflux pump) exacerbated the effects of the L34 deletion, whereas overexpression of MgtE (involved in Mg 2ϩ import) restored the defect. When the gene for YdpH was deleted, again the L34 defects were mitigated. It follows that either stimulation of Mg 2ϩ import (MgtE overexpression) or reduction of Mg 2ϩ efflux (YdpH deletion) restores the L34 defects: the suspicion at hand is that the lack of L34 somehow reduced the Mg 2ϩ content of the cell.
Akanuma et al. (32) determined the total Mg 2ϩ amount with the help of a dye which forms colored chelates with Mg 2ϩ . A 100 mM concentration was observed in wild-type cells (very similar to the total Mg 2ϩ content of an E. coli cell [30] ); more than 3 times less Mg 2ϩ was found in the L34-lacking mutant, which could be partially healed when, in addition, either YdpH was deleted or MgtE was overexpressed. The reduction of Mg 2ϩ is not a specific effect of the L34 deletion, because deletions of either L1 or L23, two other ribosomal protein genes, revealed both a similar reduction of the total intracellular Mg 2ϩ and the same features of the L34 deletion: slow growth, reduced ribosome amounts, and deficiency of subunit association. The common denominator responsible for the reduced Mg 2ϩ content is not the ribosomal assembly defects indicated by the impaired ability of associating subunits to form 70S ribosomes but rather the reduced amounts of 70S ribosomes. This became evident in an elegant experiment. Using B. subtilis with four, three, two, or one rRNA operon (B. subtilis has 10 rRNA operons), Akanuma et al. (32) demonstrated that the intracellular Mg 2ϩ appeared wild type in the presence of four operons and was halved in the presence of one operon, correlating well with the amount of mature ribosomal subunits. In other words, the ribosomes represent an important reservoir of the total Mg 2ϩ amount, and a reduction of the total ribosome content (in particular, 70S ribosomes and polysomes) by genetic lesions, such as deletions of ribosomal proteins or rRNA operons, seems to affect the cellular Mg 2ϩ content, affecting probably the free Mg 2ϩ concentration. The latter assumed effect, in turn, impairs ribosomal subunit association and thus hampers protein synthesis.
These observations are an impressive documentation of the cellular network in vivo between ionic conditions and biological macromolecules such as the ribosome, although we do not understand all details of the interrelationship of ribosome amounts and Mg 2ϩ concentration in the bacterial cell.
